Silicon-based light sources compatible with the mainstream CMOS technology are highly desirable because they will have a low manufacturing cost relative to III/V semiconductor diodes, and it will be easier to integrate them with electronic components on the same chip. We study light emitters based on two-dimensional planar photonic crystal (PC) nanocavities fabricated in silicon rich silicon nitride that exhibits photoluminescence (PL) at 600-800nm. Confining luminescent material in an optical micro-cavity enhances the emission by restricting the resonant wavelength to a directed radiation pattern that can be collected effectively, and by reducing radiative lifetime of the on-resonance emitters due to the Purcell effect.
1,2 We use 2-D PC nanocavities because of their high Q-factor (Q) values and small mode volumes (V), since both are necessary for the Purcell effect. Reduction in radiative lifetime is particularly important for the development of lasers based on Si-ncs because it makes radiative recombination compete more favorably with non-radiative recombination processes which increase at higher pump powers.
The structures are fabricated from silicon wafers with a 500-nm-thick oxide layer and a 250-nm thick silicon-rich silicon nitride layer on top. The nitride layer is deposited by a chemical vapor deposition from NH 3 and SiH 2 Cl 2 gases at 850°C. Photonic crystal structures are defined by electron beam lithography in ZEP photoresist.
The pattern is transferred into the nitride layer by dry etching. Finally, underlying oxide layer is removed by hydrofluoric acid to form PC membranes.
Fabricated PC cavity membrane with periodicity (a) of 330 nm is shown in the insert on Figure 1 .
The structures are characterized using a confocal micro-PL set-up. PL spectra from a single three-defect cavity and an unpatterned region next to it are shown in Figure1. The emission is enhanced 7.3 times by the cavity at the resonant wavelength of 705.5 nm relative to the unpatterned film. Integrated PL enhancement over 8-nm region around the resonance is five-fold. The insert on Figure 1 shows how output intensity evolves with increasing pump power at the resonant wavelength for the cavity and unpatterned region.
The optical properties of the photonic crystal cavities are analyzed using three-dimensional finite difference time-domain (3D FDTD) calculation method.
3 Figure   Figure 1 . Observed PL from the linear three-defect cavity shown in the insert and the unpatterned film around the structure. At resonance the PL from the cavity is enhanced 7.3 times relative to unpatterned film. Integrated PL enhancement in the shaded 8-nm region is five-fold. Insert on the right shows the power dependence 2 shows the electromagnetic field distributions for TE cavity modes and their in-plane (Qxy) and out-of-plane (Qz) Q-factors calculated by FDTD, and both, calculated and measured spectra, which are plotted in the same wavelength scale. Experimentally observed frequency and polarization for the three modes that fall into the complete photonic band gap are in excellent agreement with theoretical calculations. The most prominent mode in the measured spectrum is the highest Q mode at 0.467 a/λ which has calculated mode volume of 0.785 (λ/n) 3 , calculated Q of 332, and maximum radiative rate enhancement of 32, as given by the Purcell factor, F=3/(4π 2 ) (λ /n) 3 Q/V 1,2 . Using experimentally measured Q of 296 the Purcell factor becomes 28.5. The experimentally observed PL enhancement is still lower because it is an averaged value of the Purcell factor for all emitters, and majority of them are spectrally and spatially detuned from the cavity resonance, and therefore exhibit a reduced Purcell factor.
We demonstrate an enhancement of PL from silicon-rich silicon nitride film with a single PC cavity.
The observed PL enhancement is especially important because it results from the strong Purcell effect and thus can shorten the radiative lifetime of emitters considerably, which could be crucial for making a laser based on Si-ncs. CMOS process compatibility and planar geometry of our light sources promise easy integration with electronic and other optical components. This may open the door to a variety of applications ranging from optoelectronics to biophotonics, especially since the emission wavelength can be chosen anywhere from around 600 to 850 nm. This work has been supported in part by the CIS Seed Fund, MARCO Interconnect Focus Center, and DARPA nanophotonics seed fund. Figure 3 . Calculated electric field distributions for TE modes together with calculated and measured spectra for the linear three-defect cavity. The axes are: z --perpendicular to the membrane, x --along the cavity axis, and y --perpendicular to x and to z.
